METHOD AND SYSTEM FOR IMPROVING ABILITY OF A MACHINE VISION 
SYSTEM TO DISCRIMINATE FEATURES OF A TARGET 



TECHNICAL FIELD 
[0001] The present invention relates to machine vision 
systems and more particularly, to a system and method for 
locating small objects placed on a surface of an object such as 
integrated circuits. 

BACKGROUND INFORMATION 
[0002] Machine vision systems are used in numerous 
applications including, in particular, in electronics 
manufacture and assembly, such as inspection of electronic 
components, die alignment and inspection, package singulation 
inspection and lead inspection. 

[0003] In one example, a video camera is placed at a fixed 
location with respect to one or more objects to be viewed. 
Knowing the location of the camera and the field of view of the 
camera optics, specific information can be obtained about the 
objects. The video information can be analyzed mathematically 
to obtain information that may be manipulated and stored. 
[0004] In one example, integrated circuits are placed in a 
JEDEC tray for examination under a machine vision inspection 
system. It is of interest to discern the relative location of 
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'connection pads on the integrated circuit with respect to the 
edges of the integrated circuit packages. Thus, it is important 
to be able to discriminate the pads from the edges of the 
package . 

[0005] In order to be able to discriminate the pads from the 
edges of the package, the reflected illumination off the pads 
should to be clearly distinguishable from the package edges and 
background. In many cases, the reflectance of the pads and edges 
are too similar to be able to clearly and automatically 
distinguish and differentiate the two. In other applications, 
the reflected light from the pads is so great as to cause bloom 
in the video camera and obscure the edges. 

[0006] Where there is a sufficient difference in height 
between the background and objects, point illumination at an 
angle can help to make the object edges show up more clearly. 
However, often such height differences do not exist. 
[0007] What is needed is a system and method that is able to 

reliably and clearly distinguish between objects in the field of 
view of the video camera. 

SUMMARY 

[0008] The present invention includes several novel features. 
The first novel feature is the use of Ultra Violet (UV) light 
(with proper filters) to image a device such as a Printed 
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Circuit Board (PCB) substrate. The UV light causes the 
substrate to go bright while all metallic and black surfaces 
such as the part or holding tray remain dark. A Dual on axis 
light (DOAL) or similar light is used to illuminate the pads or 
other shiny surface of an object. The combination of the UV 
light to illuminate the part in one image, with a DOAL used to 
illuminate the pads or shiny surfaces on objects such as 'no- 
lead 1 devices in a second image provides a novel method by which 
various features of an object being inspected my be detected and 
their relative positions established and measured. 
[0009] A second lighting combination is to use the UV light 
to illuminate and inspect on portion of the device, such as for 
the PCB, and then to use a RING light to illuminate solder 
balls, for example, on a Ball Grid Array (BGA) device. It is 
very common to process both small BGAs and 1 no-lead 1 SIP 
packages on the same system, therefore a system and method in 
accordance with the present invention is very advantageous. 
[0010] A second feature of the present invention is that 
sometimes the UV image, with the proper filtering, is enough to 
see the part edges as bright and the pad edges as dark. Thus 
both features are distinguishable in the same image. This means 
that there are times when the second image with the DOAL on 'no- 
lead 1 devices is unnecessary. 
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'[0011] A machine vision method and system is described 
according to the principles of the present invention having a 
camera which may be connected to a computer, for processing of 
visual information about a target seen by the camera. The target 
may be illuminated sequentially by a conventional light source, 
an ultraviolet light source and a DOAL light source, with images 
collected under each lighting condition. The multiple images may 
be compared and combined to extract information about the 
target. The ultra-violet light source may be filtered to block 
visible light, and the camera's field of view may be filtered so 
as to block ultraviolet light. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] These and other features and advantages of the present 
invention will be better understood by reading the following 
detailed description, taken together with the drawings wherein: 
[0013] FIG. 1 is a schematic diagram of a machine vision 
system according to the principles of the present invention; 
[0014] FIG. 2 is a photograph of a target integrated circuit 
using conventional lighting; 

[0015] FIG. 3 is a photograph of the same target as in FIG. 2 
lighted with an ultra-violet light source; and 

[0016] FIG. 4 is a photograph of the same target lighted with 
a diffuse on-axis light source. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0017] One embodiment 10 according to the principles of the 
present invention is shown in FIG. 1. A camera 12 is connected 
to a computer 14 and optionally a display device 16. In one 
implementation, the camera 12 is a video camera having a digital 
output signal. Other types of cameras are also suitable for 
different applications. An optional recording device (not 
shown) may also be used to keep a record of what is seen by the 
camera 12. 

[0018] The field of view designated generally by the arrow 18 
of the camera 12 may be optionally filtered by an optical filter 
20. More than one optical filter 20 may be used to obtain views 
from the camera under different lighting conditions. Within the 
field of view 18 of the camera 12 is one or more targets 22 
supported by a platform 24. The platform 24 may include a moving 
conveyor belt or an adjustable tray (not shown) . The target 22 
may contain one or more objects 42 each having details of 
interest . 

[0019] The field of view 18 of the camera 12 may be 
illuminated by a variety of different light sources. In the 
embodiment shown, a conventional light source 24 such a low 
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angle diffuse light source possibly made up of multiple off axis 
LED 7, s is shown, as well as a high angle ultraviolet light source 
26 and a diffuse on-axis light (DOAL) source 28. 

[0020] The ultraviolet light source 26 may be fitted with one 
or more filters 30. The ultraviolet light source 26 is shown 
with a filter 30 designed to block visible light. Other filters 
may also be used so as to allow illumination by a limited 
spectrum of ultraviolet light. 

[0021] In operation, separate views of the target 22 with one 
or more objects of interest 42 are taken by camera 12 with the 
target 22 illuminated only by the conventional light source 24, 
only by the ultraviolet light source 26 and only by the DOAL 
light source 28, respectively. These views may be analyzed and 
combined/subtracted or otherwise processed to extract 
information about the target and its features of interest, and 
the results may optionally be shown on the display device 16 or 
stored for later retrieval. 

[0022] Referring to FIG. 2, a view is shown of an integrated 
circuit 42 held in a JEDEC tray 44 illuminated by a conventional 
light source 24. The integrated circuit 42 has one or more 
connection pads 46, and an edge 48. It is difficult to discern 
from this single view where pad 46 ends and edge 48 begins. The 
image of the edge 4 8 and the pad 4 6 are nearly 
indistinguishable . 
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"[0023] Referring to FIG. 3, a view of the same integrated 
circuit 42 is shown, this time illuminated only by the ultra- 
violet light source 26. In this embodiment, the pad 40 
fluoresces in the visible region when illuminated by ultraviolet 
light, but the package (including the edge 48) of the integrated 
circuit 42 does not. Accordingly, the outlines of pad 46 are 
clearly discernable. 

[0024] Referring now to FIG. 4, the same integrated circuit 
42 is shown illuminated by a DOAL light source. While the pad 
40 is no longer clearly distinguishable from the edge 48 r the 
outer perimeter of the integrated circuit 42 (including edge 48) 
may clearly be seen. 

[0025] By combining the information in the views shown in 
FIGS. 3 and 4, the location of the pad 40 may be determined 
relative to the edge 48. As may be seen, other information about 
other features of the target integrated circuit 42 may be 
extracted using known image processing techniques applied to 
each image alone and in combination. 

[0026] In the embodiment shown, a filter 30 is used on the 
ultraviolet light source 2 6 to block light with wavelengths 
greater than 390 nanometers. Other wavelengths of light may be 
used beneficially, depending upon the characteristics of the 
target. A filter may also be used having one or more bandpass 
regions. Similarly, in the embodiment described, the field of 
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view 18 of the camera 12 has a filter which passes light with 
wavelengths greater than 410 nanometers. Other wavelengths of 
light may be chosen, as well as using filters having one or more 
bandpass regions. The choice of lighting will depend upon the 
characteristics of the target, and should be chosen so as to 
maximally distinguish desirable elements of the target under 
different lighting conditions. 

[0027] Modifications and substitutions by one of ordinary skill 
in the art are considered to be within the scope of the present 
invention, which is not to be limited except by the following 
claims. For example, views may be used and compared using 
different spectra of visible light, or visible light regions 
combined with ultraviolet light. The angle of illumination of the 
infrared light and conventional light sources may be varied so as 
to maximize the ability to discriminate desirable features of the 
target . 
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